ABSTRACT
INTRODUCTION
The Inter-American Tropical Tuna Commission in cooperation with the University of California Scripps Institution of Oceanography undertook from May 8 to June 12, 1957, an expedition to Clarion Island (18'21' N. lat., 114'44' W. long.) , an imporGant tuna fishing area in the Revilla Gigedo Islands southwest OF Baja California.
The primary objective of this cruise was to dctermine the manner in which a small isolated land mass, such as Clarion Island, may modify the surrounding oceanic cnvironmcnt and so create conditions which are attractive to aggregations of pela,gic fish, particularly the tunas. Incidental to the comprchensivc chemical, physical, and biological work relating to this program which was conducted aboard the Scripps rcscarch vessel SPENCER F. BAIRD, a study was made of the rate of carbon fixation and variations in chlorophyll "a" content of phytoplankton samples taken at regular intervals from surface waters at a fixed position over a 2-day period. Rcsults indicate that phytoplankton collcctcd from the ocean surface near Clarion Island exhibit a diurnal photosynthetic periodicity similar to those described by recent investigators (Doty and Oguri 1957 , Yentsch and Rylhcr 1957 , IIolmes and IIaxo 1957 , and that the rate of carbon fixation at a given time appears to be related to the total amount of chlorophyll "a" prcscnt in the water sample.
The author wishes to acknowledge the assistance of Messrs. Richard C. IIenncmuth and James A. Renner of the Commission staff. Appreciation is also extended to Mr. Robert W. IIolmcs and his associates at the University of California Scripps Institution of Oceanography for providing some of the essential materials and cquipmcnt used during the expedition.
METHODS AND MATERIALS
Commencing at 1500 Pacific Standard Time, on May 28, the DAIRD occupied for a 72-hour period hydrographic station No. 47, situated about one mile offshore from the southwest corner of Clarion Island, in approximately 200 fathoms of water. A buoy was anchored at this locality to serve as a fixed reference point to which the drifting vessel could return for hourly observations. Sampling of surface waters at the reference buoy to study short-term variations in the photosynthetic rate and chlorophyll "a" content of phytoplankton present in the area began at 1600 PST on May 28 and was concluded 46 hours later. During this period, surface samples for carbon uptake measurements were collected every two hours by means of a plastic bucket; samples for chlorophyll "a" determinations were obtained in the same manner at four-hour intervals. When samples for both analyses were taken simultaneously, to ensure that the phytoplankton content was as nearly homogenous as possible the surface water was poured into an E&liter plastic bottle and shaken before the ncccssa,ry aliquots for carbon work were drained off. Six liters of the remaining water were taken for chlorophyll filtration.
The techniques employed to measure carbon fixation by means of a radioactive isotope, carbon 14, followed those developed by Stcemann Nielsen (1952) . Laboratory procedures were generally as follows :
Three 125-ml Pyrex glass bottles were filled with surface seawater at each two-hour interval.
Two of these bottles were clear; the third was a "dark" bottle, the body of which was completely covered with black electrical "Scotch" tape and the top wrapped in aluminum foil to prevent the cntry of light.
The content of each bottle was inoculated with one microcuric of carbon 14, and the bottles were then placed in a seawater bath and exposed to a bank of 12 daylighttype fluorescent tubes. The temperature at which each sample was incubated was ap-L proximately equal to or slightly higher (one degree at most) than that of the surface water at the time the sample was taken. Sea-surface temperatures ranged from 23.9" to 25°C during the course of the experiment, The samples were incubated for 6 hours (in two cases for 4 hours) at light intensities varying from 960 to 1100 foot-candles measured at the surface of the bottles.
At the end of each incubation period the content of each bottle was filtered through an HA Milliporc filter.
The filter was then dried in a vacuum desiccator and the activity was subsequently counted in a proportionalflow counter. The mean count of each pair of samples was converted to milligrams of carbon fixed per hour at a standard light intensity of 1000 foot-candles, assuming that the total carbon dioxide concentration of seawater was 90 milligrams per liter, and disregarding the "isotope effect. bottles were used to estimate non-photosynthetic fixation of carbon dioxide. The methods of measuring the amount of chlorophyll "a" present in marine phytoplankton have been outlined by Richards with Thompson (1952) and Crcitz and Richards (1955) . At each experiment interval of four hours, a six-liter sample of surface seawater to which a trace amount of a buffering agent,, magnesium carbonate (MgCOs), had been added, was filtered through an I-IA Millipore filter.
The filter was placed in a 12-ml Pyrex test tube to which was then added 3 ml of 90 per cent glass-redistilled rcagcnt-grudc acetone, The chlorophyll was extracted in acetone over a 12-hour period in a refrigerator at approximately 10°C. Subsequently, the extract was centrifuged at 4500 r.p.m. until clear and then dccantcd into another test tube. An additional 3 ml of acetone were then added to the filter residue, mixed, and centrifuged, and the second extract added to the first. The combined acetone extract of approximately 5-6 ml was re-centrifuged and decanted into a lo-ml volumetric graduate. The extract was diluted to 6 ml, and its optical density was measured in a lo-cm semi-micro absorption cell using a Beckman model DU spectrophotometer.
Chlorophyll "a" concentrations were determined frorn transmission readings made at 635, 645, and 665 rnp, and a tubidity correction at 750 employing the equations given by gzhards with Thompson (1952) .
RESULTS
Although a number of carbon 14 samples were unavoidably lost, the remaining data plotted in E'igure 1 give a fairly comprehensive picture of the changes in carbon fixation rate with time and associated variations in chlorophyll "a" content. The photosynthetic rates given in the lower panel represent light-bottle values corrected for non-photosynthetic activity.
Where dark uptake was not mcasurcd simultaneously, the mean of tho measured dark-bottle counts was employed.
The striking feature of these data is the cyclical nature of the variations in photosynthetic activity which occurred over the 46-hour experimental period, and which appears to be closely correlated with changes in chlorophyll ('a" content of the phytoplankton.
On two successive days the rate of carbon fixation reached a peak in the early morning hours and fell to its lowest level in the late afternoon, with intermediate values occurring between. Associated with this diurnal rhythm were similar coincident fluctuations in chlorophyll "a" values. While the times of occurrence of the maximum and minimum photosynthetic rates do not coincide exactly with those reported by Doty and Oguri (1957) , Yentsch and Ryther (1957) , and more recently by Holmes and Haxo (1957) , they agree substantially with the findings of these investigators.
However, neither Doty and Oguri nor Holmes and Haxo found a positive correlation between photosynthesis and chlorophyll "a" conccntration.
Yentsch and Ryther, on the other hand, encountered this interrelationship in their experiments and have suggested that it may be related, in part, to the diurnal interaction between chlorophyll content and the intensity of solar radiation.
The rate of photosynthesis per unit amount of chlorophyll "a" is of some interest and may be examined from the data given in Figure 2 where net carbon fixation rates (mean light-minus-dark bottle uptake) obtained at 1.000 foot-candles of illumination arc plotted against chlorophyll concentrations of samples taken at the same time. Although there is some scatter about the lcastsquares line, the relationship between the two indices appears to bc fairly good over the range of values encountered during the expcrimcnt , and yields an estimated incubator production rate of 4.24 mg C/hr per milligram of chlorophyll "a". This is intermediate to the production values of 2.5 and 7.3 calculated previously on a comparable basis for tropical Eastern Pacific phytoplankton by Holmes et al. (1957) . It should be noted, however, that the latter ratios were derived from observations made over a wide region of the Eastern Pacific Ocean, encompassing several areas of different physical and biological characteristics and not from samples of phytoplankton taken at a stationary locality in a particular environment as in the present experiment.
